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METHOD AND APPARATUS IN A FLUIDIZED BED HEAT EXCHANGER 

The present invention relates to a method and an apparatus 
in a fluidized bed heat exchanger defined in the preambles 
5 of the independent claims given below. 

The present invention especially relates to a method and 
an apparatus, by which heat transfer may be adjusted in a 
fluidized bed heat exchanger, comprising a heat exchange 
chamber having a bed of solid particles; means for feeding 
fluidization gas into the heat exchange chamber; heat 
transfer surfaces in contact with the bed of solid 
particles; an inlet arranged in the top portion of the 
heat exchange chamber above the upper surface of the bed 
of solid particles; and a first outlet for removing solid 
particles from the heat exchange chamber. The method thus 
typically comprises the following steps of: 

(a) solid particles are fed through the inlet to the 
upper surface of the bed of solid particles in 
the heat exchange chamber; 

(b) the bed of solid particles in the heat exchange 
chamber is fluidized by fluidization gas; 

(c) heat is transferred by the heat transfer surfaces 
from the fluidized bed of solid particles; and 

(d) solid particles are removed from the heat 
exchange chamber through the first outlet. 

Fluidized bed heat exchangers are generally used in 
various pressurized and atmospheric fluidized bed reactor 
30 systems, for example, in different combustion and heat 
transfer processes and chemical and metallurgic processes. 
Heat typically generated by combustion or other exothermic 
processes is recovered from solid particles by utilizing 
heat transfer surfaces. The heat transfer surfaces conduct 
35 the recovered heat to a medium, such as water or steam, 
which transfers the heat out of the reactor. 
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Heat transfer surfaces may be arranged in different parts 
of the reactor system, for example in special heat 
exchange chambers, which may be a part of the reaction 
chamber, a separate chamber in connection with the 
5 reaction chamber, or as in circulating fluidized bed 
reactors, a part of the circulation system of solid 
particles. 

In many applications of fluidized bed reactors, for 
10 example in steam boilers, it is important to be able to 
adjust the heat transfer continuously and accurately 
within a wide control range. The reason for the adjustment 
need may be a changing demand for steam to be produced or 
a deviation in the fuel quality or in the feed of the fuel 
15 or some other abnormality in the system. It may also be 
necessary to adjust the system to a right operational 
state. Further requirements for the adjustment of heat 
transfer in the steam boilers result from the fact that 
heat is generally recovered at several stages, i.e. in 
20 evaporators, superheaters, economizers and reheaters, 
which may need individual adjustment. 

The purpose of the adjustment of heat transfer efficiency 
in a fluidized bed reactor with respect to the processes 

25 is to maintain an optimum operational state in view of 
emissions and efficiency in the reactor. Often this means 
that the temperature of the reactor should continue to be 
constant even in such conditions, in which the heat 
transfer efficiency and the feed volumes of the fuel 

30 fluctuate. 

When designing a heat exchange chamber, the most important 
targets are a simple structure, continuous adjustability 
within a wide adjustment range and minor space 
35 requirements. 



WO 00/20818 



PCT/FI99/00797 



3 

A way to adjust the heat transfer efficiency of a 
fluidized bed heat exchanger is to change the volume of 
the fluidized bed material in the heat exchange chamber so 
that a varying portion of the heat transfer surfaces is 
5 covered by solid particles. Such a structure is disclosed, 
for example, in US patent 4,813,479. In the disclosed 
arrangement, however, an additional flow channel and an 
adjustment valve are required, which makes the system more 
complicated and increases the costs. Further, when 
10 changing the height of the bed, part of the heat transfer 
surfaces may be exposed to considerable erosion. 

US patent 5,140,950 discloses an arrangement where the 
circulation flow of hot solid particles in a circulating 

15 fluidized bed reactor is divided by a number of 
compartments and channels into two separate chambers, only 
one of which includes heat transfer surfaces. By changing 
the division ratio of the solid particles flowing through 
the various chambers, it is possible to vary the heat 

20 transfer efficiency of the heat exchanger. The disclosed 
arrangement is, however, complicated and - in view of 
space consumption - disadvantageous. 

A bubbling fluidized bed is usually maintained in the heat 
25 exchange chamber where the speed of the fluidization gas 
may be, when using bed material with small particle size, 
for example, 0,1 - 0,5 m/s. The heat transfer efficiency 
of the fluidized bed heat exchanger may be varied to some 
extent by changing the speed of the fluidization gas. This 
30 is due to the fact that the solid particles move more 
vividly at high speeds of the fluidization gas than at low 
speeds, whereby the hot particles spread at high speeds 
efficiently throughout the whole area of the heat exchange 
chamber. At high speeds, no separate cooled layers are 
35 allowed to be formed in the close proximity of the heat 
transfer surfaces to decrease the heat transfer, nor will 
the hot particle flows entering the heat exchanger be 
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passed directly from the inlet of the heat exchange 
chamber to the outlet without mixing with the particles in 
chamber . 

5 US patent 5,425,412 discloses an arrangement in a 
circulating fluidized bed reactor, in which the heat 
exchange chamber includes separate areas for transferring 
particles and for heat transfer respectively. Heat 
transfer efficiency is adjusted by changing the moving 

10 intensity of the particles close to the heat transfer 
surfaces and the mixing rate of the material by utilizing 
the fluidization gas velocities of different areas. By 
changing the mixing rate of the material the relation 
between the hot particles newly flown to the chamber and 

15 the particles already cooled in the exiting particle flow 
is varied. In different situations particles may be 
discharged through an overflow opening in the bed surface 
and/or through an outlet in the lower portion of the 
chamber. The adjustment range of the heat transfer 

20 efficiency in this kind of a heat exchange chamber may, 
however, remain rather limited, as in order to avoid 
agglomeration and overheating of the bed due to possible 
after-burning the bed of solid particles must be 
maintained continuously fluidized, whereby the mixing rate 

25 is always fairly high. Further, due to the use of a 
separate transfer area the space utilization is not 
optimal, since a considerable part of the heat exchange 
chamber is not in efficient use with respect to the heat 
transfer. 

30 

It is an object of the present invention to provide an 
improved method and apparatus, in which the above- 
mentioned problems and defects of the prior art methods 
and apparatuses are minimized. 

35 

It is a more specific object of the invention to provide 
an improved method and apparatus for easy adjustment of 
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the heat transfer efficiency of a fluidized bed heat 
exchanger within a wide efficiency range. 

It is still a further object of the present invention to 
5 provide a durable and simple, cost-reasonable and space- 
saving fluidized bed heat exchanger. 

Toward the fulfillment of these objects, the method and 
apparatus in accordance with the present invention is 
10 characterized by what is disclosed below in the 
characterizing parts of the independent claims. 

The basic idea of the method and apparatus in accordance 
with the present invention is to be able to restrict the 

15 mixing of hot solid particles flowing into the fluidized 
bed heat exchanger with the bed of solid particles 
consisting of the solid particles that have come into 
contact with heat transfer surfaces and/or have otherwise 
been already cooled. The purpose is thus to be able to 

20 either partly or even completely prevent the mixing of hot 
solid particles with the bed of solid particles. 

The mixing of hot solid particles with the bed of solid 
particles is restricted by a guiding channel arranged in 

25 the fluidized bed heat exchanger to extend from above the 
surface of the bed of solid particles to the bed of solid 
particles, and by arranging a first outlet in the area 
defined by said guiding channel. Hot particles fed through 
an inlet into the heat exchange chamber may thus be passed 

30 by the guiding channel to a particular area substantially 
defined by the guiding channel on the upper surface of the 
bed of solid particles. Moreover, when the first outlet of 
the heat exchange chamber is arranged in the area defined 
by the guiding channel, it is possible to remove hot solid 

35 particles directly from this area, for example, as an 
overflow from the upper surface of the solid particle bed 
or from below the surface through an adjustable outlet or 
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opening without allowing the particles to be removed to 
come into contact with the cooled solid particles. 

in a typical arrangement in accordance with the invention 
5 a guiding channel is arranged in the top portion of the 
heat exchange chamber so that the guiding channel extends 
from the inlet to the bed of solid particles, to the bed 
surface or over a short distance below the surface. In 
some cases the desired guiding of the solid particles is 

10 accomplished also by a guiding channel, the lower end of 
which does not quite reach this surface. Typically the 
location of the first outlet determines the distance the 
lower end of the guiding channel is to extend inside the 
bed, if at all. The guiding channel is preferably formed 

15 of an intermediate wall extending from the top portion of 
the heat exchange chamber to the bed of solid particles, 
said intermediate wall defining the guiding channel 
between a wall of the heat exchange chamber and itself. 

20 When the speed of the fluidization gas in the heat 
exchange chamber is low and the mixing of particles in the 
heat exchange chamber and thus also in the area of the 
guiding channel is minimal or even virtually nonexistent, 
it is possible to remove the majority or even all the hot 

25 particles flowing into the heat exchanger through the 
first outlet without substantially transferring any heat 
to the bed and therethrough to the heat transfer surfaces. 
The heat transfer efficiency of the heat exchanger is 
thereby minimal. 

30 

The heat transfer efficiency may be increased by raising 
the velocity of the fluidization gas thus intensifying the 
mixing of particles also within the area of the guiding 
channel, whereby at least a portion of the hot solid 
35 particles or even all of them release heat to the bed and 
thereby to the heat transfer surfaces as well. In this 
case cooled solid particles are removed from the heat 
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exchanger through the first outlet or through a second 
outlet arranged in the lower part of the bed. 

According to the invention, it is thus possible to 
5 restrict the mixing of the cooled solid particles in the 
bed and the hot solid particles to be removed through the 
first outlet by passing the hot solid particles to a 
restricted area on the upper surface of the solid particle 
bed, from where part of the solid particles may be removed 

10 from the heat exchanger in an uncooled state. Thus it is 
possible to prevent or at least substantially restrict the 
heat transfer from said specified portion of the solid 
particles to the solid particle bed and further to the 
heat transfer surfaces. By utilizing the arrangement 

15 according to the present invention, it is possible to 
decrease the bed temperature and the amount of heat energy 
to be recovered by the heat transfer surfaces. Thus it is 
possible, by passing a portion of the particles in an 
uncooled state out of the heat exchanger, to decrease the 

20 smallest possible heat transfer efficiency acquired by 
each incoming flow of hot particles. 

in the arrangement in accordance with the present 
invention, it is possible to arrange a second outlet in 

25 the heat exchange chamber; for example, in the lower 
portion of the chamber, the solid particle flow through 
which second outlet can be controlled. Thus it is 
possible, when producing a high heat transfer efficiency, 
to let the whole incoming particle flow exit through the 

30 second outlet, whereby the means restricting the mixing in 
the area of the first outlet do not substantially affect 
to the mixing rate. Thereby the highest possible heat 
transfer efficiency does not change either. 

35 It is typical of the method in accordance with the present 
invention that the particle flow entering the heat 
exchanger is passed to the surface of the solid particle 
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10 



bed by means extending slightly below the surface to an 
area defined by said means. The criterion for selecting 
this restricted area is its connection to the first 
outlet. The cross-sectional surface area of the restricted 
area is at the level of the first outlet generally 
substantially smaller than the average cross-sectional 
surface area of the particle bed in the heat exchange 
chamber. The cross-sectional surface area defined by the 
means is preferably at the level of the lower surface of 
the first outlet at most 30 %, preferably at most 10 %, of 
the average cross-sectional area of the particle bed in 
the heat exchange chamber. 



The means restricting the mixing are typically arranged in 
15 such a way that they penetrate only over a short distance 
into the upper part of the bed of solid particles so that 
the channel or gap formed by them in the bed, where 
typically no heat transfer surfaces are arranged, would 
not produce any major waste space in the bed in view of 
20 the heat transfer. Thus the means restricting the mixing 
preferably extend into the bed over a distance which is at 
most 30 %, most preferably at most 20 %, of the depth of 
the bed. Typically, the restricting means extend about 10- 
50 cm, most typically approximately 20-30 cm into the bed. 

25 

The invention is applied according to a first preferred 
embodiment of the present invention to a circulating 
fluidized bed reactor or boiler, in which the heat 
exchanger in accordance with the present invention is 

30 arranged between the furnace and the return duct of the 
particle separator in the solids circulation of the 
reactors, i.e. the tube, through which particles are 
returned from the particle separator to the furnace of the 
reactor. The inlet of the heat exchanger is connected to 

35 the return duct and the outlet, for example an overflow 
opening, to the furnace. A first portion of the particles 
is preferably passed from the return duct in a 
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substantially uncooled state as an overflow to the 
furnace. A second portion of the particles is passed to 
the solids bed in the heat exchange chamber where heat is 
transferred from the particles to the heat transfer 
5 surfaces before the particles are returned to the furnace. 
The portion to be removed from the circulation as an 
overflow, possibly varying from 0 to 100 %, varies for 
example according to the load of the boiler, fuel and 
volume of the circulation flow. 

10 

According to another preferred embodiment, it is possible 
to apply the invention to a circulating fluidized bed 
reactor or bubbling bed reactor, in which solids are 
passed directly to a heat exchanger from a reaction 

15 chamber /furnace. In this case the heat exchanger is 
preferably arranged immediately outside the reaction 
chamber of the reactor and the heat exchanger and the 
reaction chamber preferably share a common wall with 
openings arranged therein forming an inlet for introducing 

20 particles into the heat exchange chamber, and an overflow 
conduit for immediate return of the particles as an 
overflow to the reaction chamber. These openings may be 
very close to each other. One and the same opening may in 
some cases act even in both directions, i.e. alternate in 

25 acting as an inlet in one direction and as an overflow 
opening in another direction. On the other hand, in some 
cases the upper part of the opening may operate as an 
inlet and the lower part as an outlet in one and the same 
opening . 

30 

When a fluidized bed heat exchanger is located directly in 
communication with the reaction chamber of a fluidized bed 
reactor, often the openings have to be arranged in such a 
way that material is gathered from a wide area to produce 
35 a sufficient material flow. In this case it is 
particularly important that the incoming material is 
passed to a small area on the upper surface in the 
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fluidized bed and it is not allowed to spread throughout 
this wide surface, where it would inevitably mix with the 
material which is already in the fluidized bed. By 
restricting the incoming particle flow to a small area the 
5 unnecessary mixing of the material to be removed as an 
overflow with the rest of the fluidized bed material is 
restricted as well. 

A second outlet for the cooled particles of the heat 
10 exchanger is preferably formed at the bottom of the heat 
exchange chamber, from where particles are passed in a 
manner known per se, for example, to the furnace. On the 
other hand, in the above mentioned embodiments the 
discharge of cooled particles may be arranged to take 
15 place through a lifting channel arranged between the heat 
exchange chamber and the furnace. The bottom of the 
lifting channel communicates with an outlet in the lower 
portion of the heat exchange chamber and it preferably 
shares a common wall with the furnace. Particles are 
20 passed from the lifting channel, for example, as an 
overflow to the furnace. 

The arrangement in accordance with the present invention 
is preferably realized in such a way that the heat 

25 exchange chamber has only one continuous fluidized bed of 
solid particles. Above the fluidized bed the heat exchange 
chamber is provided with means, e.g. an intermediate plate 
or a baffle, substantially restricting the spreading of 
the solid particles introduced through the inlet on the 

30 bed of solid particles thus restricting their mixing with 
the fluidized bed of solid particles as well. When using 
low fluidization gas velocities, only a first portion of 
the particles fed to the small area is mainly mixed with 
the bed of solid particles. The portion corresponds to the 

35 amount of particles flowing from the inlet through the 
heat exchange chamber to the outlet in the lower portion 
of the heat exchange chamber. 
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When the demand for heat transfer efficiency is small, the 
particle flow flowing through the heat exchanger, in other 
words the particle flow coming in and flowing out, is 
allowed to pass only through a restricted area of the 
5 upper surface of the solid particle bed, whereby the solid 
particle exchange between the exiting flow and the bed of 
solid particles is small. Particles, which have not yet 
had time to settle in the area of efficient mixing of the 
bed and thus not yet released any heat to the solids bed, 
10 may be readily removed as an overflow from the thick layer 
of hot particles formed in a small area. 

In the arrangement in accordance with the invention, only 
a material flow necessary for the heat transfer is mixed 
15 with the bed of solid particles in the heat exchange 
chamber, the excess returning in a hot state from the 
upper surface of the bed to the reaction chamber and thus 
without substantially mixing with the fluidized bed in the 
heat exchange chamber. 

20 

In a heat exchange chamber in accordance with the 
invention, an efficient and wide-ranging adjustment of 
heat transfer may be realized simply by adjusting the 
velocity of the fluidization gas, and if necessary, by 

25 further adjusting the discharge of solid particles through 
a second outlet. By intensifying the particle flow through 
the second outlet, the amount of uncooled particles 
flowing through the first outlet is decreased and the 
amount of particles coming into communication with the 

30 heat transfer surfaces is increased. Respectively, by 
decreasing the particle flow through the second outlet, 
the immediate discharge of hot particles from the heat 
exchanger through the overflow opening is increased. 



35 In the arrangement in accordance with the invention, it is 
not necessary to divide the heat exchanger by intermediate 
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walls into separate beds of solid particles provided with 
an individual f luidization. 

The invention is described below more closely with 
5 reference to the accompanying drawings, in which 

Fig. 1 schematically illustrates a vertical, cross- 
sectional view of a fluidized bed heat exchanger 
in accordance with the invention; 

10 Fig. 2 schematically illustrates a cross-sectional view 
of a circulating fluidized bed boiler provided 
with a heat exchanger in accordance with the 
first embodiment of the invention; 
Fig. 3 schematically illustrates an enlargement of Fig. 

15 2 at the overflow opening and a first exemplary 

embodiment of the invention, in which the heat 
exchanger in accordance with the invention is 
connected to the return duct in the separator of 
the circulating fluidized bed boiler; and 

20 Fig. 4 schematically illustrates a cross-sectional view 
of a heat exchanger in accordance with a second 
embodiment of the invention. 

Fig. 1 schematically illustrates a simple heat exchanger 
25 10, in the heat exchange chamber 12 of which a slow 
fluidized bed 14 comprising hot solid particles is 
maintained by feeding fluidization gas into it from a wind 
box 16 through a grid 18. Heat transfer surfaces 30 are 
arranged in the fluidized bed for the recovery of heat 
30 from the fluidized bed. The flow of the incoming 
fluidization gas from the wind box through the grid 18 may 
be adjusted by a valve 22, for example, to control the 
quantity of heat transferring to the heat transfer 
surfaces . 



35 



The top portion of the heat exchange chamber 12 above the 
fluidized bed 14 is provided with an inlet 24, from which 



WO 00/20818 



PCT/FI99/00797 



13 

hot solid particles flow through a guiding channel 26 on 
the surface 28 of the fluidized bed 14. 

Heat is recovered from the hot particles entering the 
5 fluidized bed in the heat exchange chamber 12 by 
transferring the heat energy of the hot solid particles to 
a medium, usually steam or water, contained in the heat 
transfer surfaces 30. The top portion of the heat exchange 
chamber 12, immediately below the surface 28 of the 

10 fluidized bed 14 is provided with an outlet 34 in the wall 
32 of the heat exchange chamber, through which solid 
particles are removed from the heat exchange chamber to 
the adjacent space 36 typically being, for example, a 
furnace. The outlet 34 is preferably a so-called gill-seal 

15 type block provided with a gas lock disclosed in the 
Finnish patent application FI 952193 of the applicant. A 
separate feed for fluidization air possibly required by 
the "gill-seal" type outlet is not illustrated in Fig. 1. 
The outlet may also be another kind of a conduit or an 

20 opening, the opening extent and flow-through of which is 
adjustable. 

Continuous fluidization must be often maintained in the 
particle bed 14 to prevent agglomeration of the bed and 

25 local overheating. To prevent the hot solid particles 
flowing through the inlet 24 to the upper surface of the 
bed from mixing rapidly with the bed 14 due to 
fluidization, a baffle or an intermediate wall 38 
considerably restricting said mixing is arranged in the 

30 heat exchange chamber. The intermediate wall 38 forms one 
of the guiding channel 26 walls. 

The intermediate wall 38 arranged in the top portion of 
heat exchange chamber 12 between the inlet 24 and the 
35 upper surface 28 of the fluidized bed 14 passes the hot 
solid particles through the inlet 24 toward an area 28' on 
the upper surface 28 of the fluidized bed defined by the 
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intermediate wall 38 and the wall 32 of the heat exchange 
chamber. The intermediate wall 38 and the wall 32 of the 
heat exchange chamber 12 form a guiding channel 26 
extending over and partly into the fluidized bed. The 
5 intermediate wall 38 extends lower than the lower edge of 
the outlet and at the guiding channel prevents the free 
movement of the material entering the heat exchange 
chamber within the surface 28 area of the fluidized bed 
14. On the other hand, in order to avoid a major waste 

10 space, the guiding channel 26 formed by the wall 32 of the 
heat exchange chamber 12 and the intermediate wall 38 may 
not be too long. In the example of Fig. 1, the length of 
the guiding channel portion in the solid particle bed is 
less than 30 % of the depth of the bed. The intermediate 

15 wall 38 extends over a distance "h" into the fluidized 
bed, the distance typically being 10-50 cm. 

The cross-sectional area A, of the area 28' restricted by 
the guiding channel from the surface 28 of the fluidized 
bed is at most 30 % of the average cross-sectional area A, 
of the fluidized bed. Thus the solid particles flowing 
through the inlet 24 to the fluidized bed, which particles 
in a heat exchange chamber not equipped with intermediate 
walls would spread throughout the entire upper surface of 
the fluidized bed, are packed within the area defined by 
the guiding channel 26 in the arrangement in accordance 
with the invention. 

When low heat transfer efficiency is desired using a heat 
30 exchange chamber in accordance with Fig. 1, a fluidization 
gas velocity as low as possible has to be used, i.e. a so- 
called minimum fluidization, by which solid particles 
still move relative to each other. If the intermediate 
wall 38 did not exist, the hot solid particles entering 
35 through the inlet 24 would be allowed to spread throughout 
the entire surface 28 of the solid particle bed, whereby 
they would efficiently mix with the bed 14 of solid 



20 



25 



WO 00/20818 



PCT/FI99/00797 



15 

particles regardless of the low velocity of the 
fluidization gas. In the arrangement of Fig. 1 in 
accordance with the invention the intermediate wall 38 
passes the hot solid particles entering through the inlet 
5 to the restricted area 28' on the upper surface of the 
solid particle bed. When using a low fluidization gas 
velocity, the mixing of the hot solid particles forced to 
the restricted bed area 28' is slow or practically no 
mixing takes place at all. As the outlet 34 is in the area 

10 of the solid particle bed defined by the guiding channel 
26, hot solid particles newly entered the heat exchange 
chamber mainly through the inlet 24 and not yet being 
mixed with the particles in the bed, are discharged from 
the heat exchange chamber 12 through the outlet 34. Since 

15 no substantial quantities of hot particles enter the bed, 
the temperature of the bed 14 remains substantially low 
and the heat transfer minor. 

On the other hand, if high heat transfer efficiency is 
20 desired using a heat exchange chamber in accordance with 
Fig. 1, a high fluidization gas velocity has to be used. 
In this case the entire solid particle bed is in a very 
intensive inner movement, whereby also the particles 
entering through the inlet 24 mix rapidly with the solid 
25 particle bed 14 in the heat exchange chamber regardless of 
the intermediate wall 38. Thus almost the entire bed of 
solid particles, including most of the bed portion defined 
by the guiding channel 26, is substantially at the same 
temperature and its heat transfer efficiency is maximal. 

According to the above description, the intermediate wall 
38 diminishes the lowest possible heat transfer efficiency 
available in the heat exchange chamber 12, but it does not 
substantially affect the highest possible heat transfer 
35 efficiency available. Thus, the intermediate wall 
restricting the mixing makes the adjustment range of the 
heat transfer in the heat exchange chamber considerably 
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wider, which is of great importance in many applications 
of heat exchange chambers. 

Fig. 2 illustrates a heat exchanger connected to a 
5 circulating fluidized bed boiler in accordance with the 
invention. In Fig. 2 the same reference numbers are used, 
as in Fig.l, wherever possible. 

Fig. 2 thus illustrates a circulating fluidized bed boiler 
10 40, comprising a furnace 36, a particle separator 42, a 
gas outlet pipe 44, and a return duct 46 for solid 
particles including a gas lock 48. A fast fluidized bed 
comprising hot solid particles is maintained in the 
furnace 36 by feeding fluidization gas to the bed from a 
15 wind box in a manner known per se, so that solid particles 
are entrained with the exit gas through an opening in the 
top portion of the furnace to the particle separator 42. 
The particle separator separates most of the hot solid 
particles from the exit gas and the separated solid 
20 particles are returned through the return duct 46 arranged 
in the lower portion of the separator to the furnace 36. 

in communication with the return duct 46 is arranged a 
heat exchanger 10 in accordance with the invention, in the 
25 heat exchange chamber 12 of which a slow fluidized bed 14 
consisting of hot solid particles is maintained by feeding 
fluidization gas from a wind box 16 through a grid 18. The 
fluidized bed is provided with heat transfer surfaces 30 
to recover heat from the fluidized bed. 



30 



35 



The top portion of the chamber 12 above the fluidized bed 
is provided - although not illustrated in Fig. 1 - with an 
opening or a duct, through which the fluidization air is 
allowed to flow from the heat exchange chamber to the 
furnace. Moreover, the top portion of heat exchange 
chamber 12 above the fluidized bed 14 is provided - as can 
be seen more clearly in Fig. 3 - with an inlet 44 
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communicating with the end 46' of the return duct, through 
which hot solid particles flow through the inlet 24 to the 
fluidized bed 14. 

5 The bottom of the heat exchange chamber 12 is provided 
with an outlet 50, through which solid particles can be 
removed from the heat exchange chamber and passed along a 
duct 52 to the furnace 36. The volume of the solid 
particle flow to be removed through the outlet 50 can be 

10 adjusted by using a valve 56 to change the volume of the 
fluidization and blast air to be fed through pipes 54 to 
the duct 52. When the volume of the solid particle flow to 
be removed through the outlet 50 is less than that of the 
hot solid particle flow entering the heat exchange 

15 chamber, the excess of the solid particles exits from the 
heat exchange chamber 12 directly from the upper surface 
of the bed 14 through an overflow opening 58 arranged in a 
wall 60 of the heat exchange chamber below the inlet 24. 
The wall 60 is at the inlet 24 shared by the heat exchange 

20 chamber 12 and the furnace 36. The heat exchange chamber 
and the furnace may also be completely separate from each 
other not sharing a wall or wall part. In the case of Fig. 
2 only the uppermost part of the wall of the heat exchange 
chamber is shared with the furnace. If the chambers are 

25 completely separate, it is possible to arrange a duct or a 
pipe between them, through which the solid particles 
exiting from the heat exchange chamber, can be returned to 
the furnace. 

30 The intermediate wall 62 restricting the mixing arranged 
in the top portion of the heat exchange chamber 12 between 
the inlet 24 and the fluidized bed 14, passes the hot 
solid particles from the inlet toward an area 28' of the 
upper surface 28 of the fluidized bed 14 defined by the 

35 intermediate wall 62 and the wall 60 of the heat exchange 
chamber. The intermediate wall 62 and the wall 60 of the 
heat exchange chamber 12 form a guiding channel 66 above 



WO 00/20818 



PCT/FI99/00797 



the fluidized bed and partially penetrating into the 
fluidized bed. The intermediate wall 62 extends lower than 
the lower edge of the overflow opening 58 and at the 
guiding channel prevents the free movement of the incoming 
5 material on the surface of fluidized bed 14. On the other 
hand, in order to avoid a major waste space, the guiding 
channel 66 formed by the wall 60 of the heat exchange 
chamber and the intermediate wall 62 may not be too long. 
In the example disclosed in Fig. 1, the length of the 

10 guiding channel 62 is less than 20 % of the depth of the 
bed 14. The intermediate wall 62 extends over a distance 
*h w below the upper surface of the fluidized bed, the 
distance typically being 0-50 cm. An area A, restricted by 
the guiding channel from the fluidized bed is at most 30 % 

15 of the average cross-sectional area A of the fluidized 
bed. 

Part of the hot solid particles is allowed to flow from 
the channel 66 through the overflow opening 58 to the 

20 furnace 36 without mixing with the solid particles in the 
lower portion of the guiding channel, or mixing only with 
a substantially small amount of cooled solid particles in 
the area of the guiding channel. A controllable portion of 
the hot solid particles flow in an uncooled state directly 

25 to the furnace. In order to have as minimal mixing of the 
particles in the bed 14 with the hot particles exiting 
through the overflow opening 58 as possible, the overflow 
opening is located very close to the inlet in the 
arrangement of Fig. 2. 

30 

Since the particles exiting through the outlet 50 come 
much more into contact with the heat transfer surfaces 30 
than the particles exiting through the overflow opening 
58, the heat transfer efficiency of the heat exchanger 10 
35 may be adjusted by changing the ratio of the particle 
flows exiting through the outlet 50 and the overflow 
opening 58 respectively. When the fluidization velocity of 
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the bed 14 is constant, the heat transfer efficiency is at 
its highest when all particles exit through the outlet 50 
and at its lowest when all particles exit through the 
overflow opening 58. 

5 

In a typical case, the lowest heat transfer efficiency 
achieved having the discharge from the heat exchange 
chamber only through the overflow 58 would be in the order 
of 60-80 % of the maximum efficiency, if no intermediate 

10 wall 62 were provided. Owing to the intermediate wall 62, 
the exchange of particles in the bed 14 by using minimum 
efficiency is insignificant and the minimum efficiency may 
be as low as only 20 % of the maximum efficiency. This 
widening of the adjustment range is of great importance 

15 when various kind of adjustment of the heat exchanger 10 
is required. 

The guiding channel 66 and the overflow opening 
restricting the inlet flow of the hot solid particles are 

20 formed preferably in a point, from where the solid 
particles may be returned in a simple manner to the 
furnace. In the case of Fig. 2 showing the cross-section 
at the overflow opening, the overflow opening is intended 
to be arranged in the middle of the wall 60 of the heat 

25 exchanger. If desired, the guiding channel and the 
overflow opening may be arranged in either side of the 
heat exchanger or in some other suitable place, or there 
could be more than just one overflow opening arranged at a 
distance from each other. 

30 

In the arrangement of Fig. 4 the same reference numbers 
are used as in Figs. 1, 2, and 3, wherever possible. 

Fig. 4 discloses a heat exchange chamber 12 of a heat 
35 exchanger 10, said heat exchange chamber being arranged 
outside a wall 60 in a furnace 36 of a fluidized bed 
reactor, circulating fluidized bed reactor or bubbling 
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fluidized bed reactor. A bed 14 of solid particles is 
fluidized by fluidization gas blown through a grid 72 from 
a wind box 70 and heat energy is recovered from the bed of 
heat transfer surfaces 30. 

5 

The flow of solid particles is passed through an inlet 74 
to the upper surface 28 of the solid particle bed 14. The 
hot solid particles entering through the inlet 74 are 
passed by a guiding channel 78 formed by an intermediate 

10 wall 76 toward the fluidized bed, to a restricted area 28' 
on its upper surface. Hot solid particles exit through an 
overflow opening 80 provided in the area defined by the 
intermediate wall, the upper surface of the fluidized bed 
being flush with the lower edge of the overflow opening or 

15 higher. 

A vertical lifting channel 82 is formed between the 
furnace 36 and the actual heat exchange chamber 12 of the 
heat exchanger 10. The heat exchange chamber 12 and the 

20 lifting channel 82 are in communication with each other 
through an outlet 84 in their respective bottom parts. The 
top portion of the lifting channel is provided with a 
second overflow opening 88 in the wall 86 shared by the 
lifting channel and the furnace for the removal of solid 

25 particles as an overflow from the lifting channel to the 
furnace . 



The ratio of the volume of the solid particle flow *V" 
exiting through the second overflow opening 88 of the 

30 lifting channel 82 to that of the flow "V exiting through 
the overflow opening 80 arranged in the top portion of the 
heat exchange chamber can be adjusted by a valve 90 
regulating the volume of the flow exiting through the 
channel 82, i.e. the fluidization. Due to the intermediate 

35 wall 76 preventing the mixing, the flow exiting through 
the overflow opening 80 does not substantially mix with 
the particles in the fluidized bed 14. The solid particle 
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flow through the overflow opening 80 consists of hot solid 
particles newly flown in through the inlet 74. 

In the above the invention has been described in 
5 connection with embodiments that are presently considered 
as the most preferable. However, it must be understood 
that the invention is not limited to these embodiments 
only, but it also covers a number of other arrangements 
within the scope of invention determined by the patent 
10 claims below. 

Thus, it must be understood that the heat exchanger may 
also be arranged in some other way into communication with 
the reaction chamber, e.g. inside the reaction chamber. 
15 Thus the particle inlet may be arranged to operate in 
communication with the inner material circulation of the 
reaction chamber. 

Furthermore, the number of inlets and outlets, the 
20 location and structure thereof may deviate from what is 
disclosed herein, and the structure and shape of the means 
restricting the mixing of particles may as well deviate 
from the embodiments disclosed herein. 
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Claims 

1. Method in a fluidized bed heat exchanger comprising 

- a heat exchange chamber having a bed of solid 
5 particles; 

- means for feeding fluidization gas into the heat 
exchange chamber; 

- heat transfer surfaces in contact with the bed of solid 
particles; 

10 - an inlet arranged in the top portion of the heat 
exchange chamber above the upper surface of the bed of 
solid particles; and 

- a first outlet, 

which method comprises the following steps: 
15 (a) solid particles are fed through the inlet to the 

upper surface of the bed of solid particles in 
the heat exchange chamber; 
(b) the bed of solid particles in the heat exchange 

chamber is fluidized by fluidization gas; 
20 (c) heat is transferred by the heat transfer surfaces 

away from the fluidized bed of solid particles; 
and 

(d) solid particles are removed from the heat 
exchange chamber through the first outlet, 

25 characterised in that 

in the fluidized bed heat exchanger further comprising a 
guiding channel extending from above the upper surface of 
the bed of solid particles at least to the surface of the 
bed of solid particles and where the first outlet is 

30 formed in the area of said guiding channel, the method 
further comprises the following step: 

(e) particles fed in step (a) through the inlet to 
the heat exchange chamber are passed by the 
guiding channel to an area defined by the guiding 

35 channel on the upper surface of the bed of solid 

particles, 
and that step (d) comprises 
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the removal of solid particles from the area 
defined by the guiding channel in the bed of 
solid particles, 
whereby solid particles can be removed through the first 
5 outlet from the area defined by the guiding channel in the 
heat exchange chamber without substantially transferring 
any heat from the particles to the heat transfer surfaces. 

2. Method according to claim 1, rharwct.erj.se3 in that in 
10 step (e) the flow of solid particles to the heat exchange 

chamber through the inlet is passed by the guiding channel 
to an area of the upper surface of the solid particle bed, 
the cross-sectional surface area of which is at most 30 %, 
preferably at most 10%, of the average cross-sectional 
15 area of the bed of solid particles. 

3. Method according to claim 1, cfaaxasfcesized in that in a 
fluidized bed heat exchanger in which the guiding channel 
is formed between an intermediate wall and the wall of the 

20 heat exchange chamber 

- in step (e) the flow of solid particles to the heat 
exchange chamber through the inlet is passed by the 
guiding channel to such an area on the upper surface of 
the solid particle bed that is defined by the guiding 

25 channel, and that 

- the intermediate wall restricts the horizontal movement 
of the solid particles between the guiding channel and the 
rest of the solid particle bed. 

30 4. Method according to claim 3, characterized in that in 
step (d) solid particles are removed from the surface of 
the solid particle bed in the heat exchange chamber as an 
overflow. 

35 5. Method according to claim 3, characterized in that in 
step (d) solid particles are removed from the heat 
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exchange chamber from below the surface of the bed of 
solid particles through a first adjustable outlet. 

6. Method according to claim 1, characterized in that 
5 solid particles are further removed from the fluidized bed 

heat exchanger through a second outlet in the lower 
portion of the heat exchange chamber. 

7. Method according to claim 1, characterised in that the 
10 heat exchange in the fluidized bed heat exchanger is 

adjusted by regulating the amount of solid particles 
passing through the second outlet. 

8. Method in a fluidized bed heat exchanger according to 
claim 1, the inlet of which is connected to the return 
duct of the particle separator of a circulating fluidized 
bed reactor and the outlet to the furnace of a circulating 
fluidized bed reactor, characterized in that the solid 
particles flowing from the return duct to the heat 
exchange chamber are returned from the area defined by the 
guiding channel directly to the furnace of the circulating 
fluidized bed reactor. 

9. Apparatus in a fluidized bed heat exchanger comprising 
25 - a heat exchange chamber having a bed of solid 

particles; 

- means for feeding fluidization gas into a heat exchange 
chamber for fluidizing the bed of solid particles 
therein; 

30 - heat transfer surfaces in contact with the bed of solid 
particles; 

- an inlet arranged in the top portion of the heat 
exchange chamber above the upper surface of the bed of 
solid particles for feeding solid particles to the heat 

35 exchange chamber and 

- a first outlet for removing solid particles from the 
heat exchange chamber, 
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characterized in 

- the heat transfer chamber further comprising a guiding 
channel extending from above the upper surface of the bed 
of solid particles at least to the surface of the bed of 
5 solid particles for guiding the solid particles to be fed 
through the inlet into the heat exchange chamber toward an 
area defined by the guiding channel on the upper surface 
of the bed of solid particles, 
and 

10 - the first outlet being formed in the area of the guiding 
channel, for the removal of solid particles from the area 
defined by the guiding channel in the bed of solid 
particles. 

15 10. Apparatus according to claim 9, characterised in the 
area defined by the guiding channel on the upper surface 
of the bed of solid particles is at most 30 %, preferably 
at the most 10 %, of the average cross-sectional area of 
the bed of solid particles. 



0 
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11. Apparatus according to claim 9, characterised jfl the 
area defined by the guiding channel on the upper surface 
of the solid particle bed is abutted on the first wall of 
the heat exchange chamber. 

12. Apparatus according to claim 11, characterised j n the 
first outlet comprising an overflow opening arranged flush 
with the surface of the bed of solid particles. 

13. Apparatus according to claim 11, characterised in the 
first outlet comprising an adjustable outlet arranged 
below the surface of the bed of solid particles. 



14. Apparatus according to claim 9, characterised in a 
35 second outlet being arranged in the heat exchange chamber. 
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15. Apparatus according to claim 14, characterized in the 
second outlet being arranged in the bottom of the heat 
exchange chamber. 

5 16. Apparatus according to claim 14, characterised in 

- the second outlet being arranged between the heat 
exchange chamber and a lifting channel formed adjacent to 
the heat exchange chamber and 

- an overflow opening being arranged in the top portion of 
10 the lifting channel for the removal of solid particles 

from the lifting channel. 

17. Apparatus according to claim 9, characterised in the 
inlet of the fluidized bed heat exchanger being connected 

15 to the return duct of the particle separator of the 
circulating fluidized bed reactor and the first outlet to 
the furnace of the fluidized bed reactor. 

18. Apparatus according to claim 9, characterized in the 
20 inlet and/or the outlet of the fluidized bed heat 

exchanger being connected directly to the furnace of the 
fluidized bed reactor. 

19. Apparatus according to claim 9, characterized in the 
25 guiding channel being abutted on the wall of the heat 

exchange chamber and on the intermediate wall arranged in 
the heat transfer chamber, the intermediate wall extending 
from above the surface of the solid particle bed at least 
to the surface of the bed of solid particles. 

30 

20. Apparatus according to claim 19, characterized in the 
intermediate wall extending from the bed of solid 
particles about 10 - 50 cm, preferably about 20 - 30 cm, 
below the surface. 
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21. Apparatus according to claim 19, charactered in the 
intermediate wall penetrating into the solid particle bed 
at most 20 % of the depth of the bed. 

22. Apparatus according to claim 9, characterised in the 
second outlet being spaced apart from the vertical 
projection of the guiding channel in the bottom of the 
heat exchange chamber. 

23. Apparatus according to claim 9, characterized in the 
heat exchange chamber being provided with a continuous bed 
of solid particles having a continuous f luidization. 



WO 00/20818 



PCT/FI99/00797 



1/3 




FIG. 1 



WO 00/20818 



PCT/FI99/00797 




3/3 




FIG. A 



1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/FI 99/007S7 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC7: F28D 13/00 // F23C 11/02, F22B 31/00, B01J 8/24 

According to International Patent Ossification (IPC) or to boih national classification and IPC , 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC7: F23C, F22B, B01J, F28D 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 
A 
A 

A 


FI 85909 B (A. AHLSTR0M C0RP0RAIT0N) , 

28 February 1992 (28.02.92) 

FI 102316 B (FOSTER WHEELER ENERGIA 0Y), 
13 November 1998 (13.11.98) 

DE 3726643 Al (VEB BERGMANN-BORSIG, STAMMBETRIEB 

DES VEB K0MBI NATES KRAFDTWERKSANLAGENBAU) , 11 May 
1988 (11.05.88) 

EP 0199655 Al (CHARBONNAGES DE FRANCE) , 

29 October 1986 (29.10.86) 




[3 Furth 


er documents are listed in the continuation of Box C. Q(] See patent family annex. 


* Soecial categories of cited documents T* later document published after the international filing date orpionty 
special categories oi cueu uwuincnis ^ ^ ^ fa CQnflict ^ lhe ^cauon but ated to understand 

"A" document defining the general state of the art which is not considered ^ principle or theory underlying the invention 
to be of particular relevance 

•E- document bu, ptAHthed on « aftcthe —on* Sling date 'X' ^^>^^^!^XT^^ 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other 

special reason (as specified) "Y" document of particular relevance: the claimed inventi on cannot be 

-O- document referring to *n oral use, CubMo. or otner SSrj£S ^S^nrion 

means . ,,. bein£ obvious to a person skilled in the art ! 
»p- document published prior to the international filing dale but later than Dwn * WY1UU » w • h™ 1 

the priority date claimed document member of the same patent family 


Date of the actual completion of the international search 

.27 January 2000 — 


Date of mailing of the international search report 

0 2 -02- 2000 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-1D2 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 


Authorized officer 

Annette Riedel / JA A 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 99/00797 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



EP 0325042 Al (FOSTER WHEELER ENERGY CORPORATION), 
26 July 1989 (26.07.89) 



EP 0365723 Al (FOSTER WHEELER ENERGY CORPORATION), 
2 May 1990 (02.05.90) 



Relevant to claim No. 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



02/12/99 



International application No. 

PCT/FI 99/00797 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



FI 



85909 B 



28/02/92 



FI 102316 .B 



13/11/98 



AT 


80908 T 


15/10/92 


DE 


6900032 U 


29/10/92 


EP 


0384454 A,B 


29/08/90 


SE 


0384454 T3 




FI 


890833 A 


23/08/90 


JP 


1963951 C 


25/08/95 


JP 


2290406 A 


30/11/90 


JP 


6097082 B 


30/11/94 


US 


4969930 A 


13/11/90 


AU 


3034597 A 


05/01/98 


CA 


2256893 A 


11/12/97 


CN 


1221482 A 


30/06/99 


EP 


0901597 A 


17/03/99 


FI 


962332 A 


06/12/97 


PL 


330293 A 


10/05/99 


WO 


9746829 A 


11/12/97 



NONE 



EP 0199655 Al 


29/10/86 


SE 


0199655 T3 


15/11/88 




AT 


38428 T 






AU 


591665 B 


14/12/89 






AU 


5655386 A 


30/10/86 






CN 


1008771 B 


11/07/90 






DE 


3661110 A 


08/12/88 






FR 


2581173 A,B 


31/10/86 






IN 


166939 A 


11/08/90 






JP 


61250489 A 


07/11/86 






US 


4796691 A 


10/01/89 



EP 0325042 Al 26/07/89 



SE 
CA 
JP 
JP 
JP 
US 
US 
US 



0325042 T3 
1329338 A 
1217194 
2032581 
7031021 B 
5108712 A 
5141708 
5184671 



A 
C 



A 
A 



EP 0365723 Al 02/05/90 US 4896717 A 



10/05/94 
30/08/89 
19/03/96 
10/04/95 
28/04/92 
25/08/92 
09/02/93 



30/01/90 



Form PCT/ISA/210 (patent family annex) (July 1992) 



THIS PAGE BLANK (usptoj 



